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I.  INTROD U CT ION

In th i s  report , a summa ry is p resented of research carried out under

Grant No. DAAG29—77—G—0006, covering the period October 10, 1976 — October 9, 1979.

Most of the research was concerned with improvements of the usual phenomeno—

logical theory of radiative energy transfer and with the elucidation of the

connection between that theory and the new rigorous stochastic theory of

fluctuating wave fields.

In the early stages of this research , it was shown that a theory put

forward by V. I. Tatarskii in 1971 contains an assumption that restricts its

validity to fields that are statistically homogeneous. A theory was then

formulated , free of this restriction , for radiation from a planar source of

any state of coherence. It is based on second—order scalar coherence theory

of the optical field. It was found that one cannot associate a radiance

function with a finite source of any state of coherence that would satisfy

all the usual postulates of conventional radiometry . However, it was shown

that a radiance function may be defined as an appropriate linear transform

of the second—order coherence function that leads to correct expectation

values of quantities that are normally measured in experiments. The theory

was applied to analyze radiation generated by various model sources. In

particular , it was found that certain types of sources that may be spatially

almost incoherent in the global sense, may produce the same far—zone dis-

tribution of optical intensity as a completely coherent laser source.

In addition to these investigations concerned with radiation from

fl uctuating sources in free space , a general i za ti on of some of the results

was also obtained for radiative energy transfer in a certain class of

randomly fluctuating media (the so-called quasi-homogeneous media).

Rela tions were obtained tha t connec t the ex tinc tion coeff icien t and

t
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2.

the scattering coefficient (that are introduced heuristically in the con-

ventional theory of radiative energy transfer) to the stochastic character-

istics of the medium .

Some extensions of an earlier theory put forward by the Principal

Investigator for the present grant [E. Wolf , Phys. Rev . D13 (1976), 8691

for radiative energy transfer in stochastic electromagnetic fields in free

space were also obtained . Unlike in much of the previously published work ,

the polarization properties of the field are here taken into account. Exact

differential equations were obtained for the so—called angular components of

the expectation values of the electromagnetic energy density of the momentum

density that may be considered to be rigorous transport equations for these

quantities in free space.

Several investigations that have a close bearing on the main topic of

these researches were also carried out. Among these was a study of the

similarities and the differences between the stochastic equations for classical

and quantum distribution function and an investigation as to the precise

nature of the far field of a gaussian beam .

Full accounts of our researches are contained in 19 publications.

Titles, authors and journal references are listed on pages 3 and 4. Summaries

of these publications are given on pages 5 — 13. Some of the results ,

obtained by a graduate research assistant while employed on this project ,

formed part of a Ph.D. thesis at the University of Rochester. Particulars

are given on page 14. A list of scientific personnel that took part in this

project is given on page 15.
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I I I .  ~~‘- “~ ‘. D I E ’  OF PI J KI T C ’ . i I  ‘, c

F. ~T)l ;~~ t~~, 1 . T. F- fli .E~f i D  F .  ~‘~D I. F

~\ \ ‘ , I’ .~ S T I G ’ I ) ’ , OF T \ D \D ~~r : i i T  PH R E D - u :  ‘ [ P  B T i ~ 1 ’ .
FI I E :OkY ~ THE i F G f ’~ OF V I  “~ F .

J .  P i T .  ~~~~ B .  ~~~~~~ , v~

In an i n . s t : g t~~om i n t o  ~~~~ . : i~~:’s ~ t in:  t n ~~ r ;  of r i d .  t v e
enerD’; t r a n~~ ’:r , ‘ n -  i i  (PD I )  uo~~u ~t -  a : r t - i i n  rc- i o n s i h i m  be~ :,-
the s’~ec:fic inters: t of r r ~. i : a ti  - i n S  se -n i -n  d - n r D : r  c oh e r e n c e  f~ i.~ tjnn of

he -..~~- e f : e ’. D ,  ! t  :s shown in th ; pr~ seut “a’ ~ r t a t  f~~r n r - - ,,:- ,tio r i n  4
:ee s7ice , T-~t~~r~~ i i ’ s e :m-t inn ne- -t n: : t s  t h e  vm i d : t y  of h i s  t

- t  a:’ : st - , - t i c a i i Y  i’ . ’ -;~~C’n~~’ : - .

S . : F ; F ’ I R Y  o : d  F .

F ‘- T ° ’ .~ F O P  ‘F’JI’TT ’-F  T~T’:Si-F R OF PH”. ’: \‘d ~~)Mi~~T~
iN F R E E  ELEcTPOM V~NLI iF FIELDS

:p7 CPD ’. . 2; , 5:: ( :~~~)

a r-;-nc:’,t p a~~ r a ne i% t h e o r .  of r a d i  ~t ive  on e r n  t r a n s  f~ r in  f r ee
e i ; r ; m l i n e t i c  f i e l d s  ~‘.as  for r - l . 1 t e d .  The bas ic  u i n t : t i e s  in  t .i s
t h e or :  ire t h e  s o - c a l l e d  anCu lar components of t h e  average  e l e c t r o m a 7 n e t i c
ene rn ~ dens it’; and of t h e  averace ro;nt i n g  v e c t o r .  In t h e  nrcsent manor
i s  shc~cn that t h e  ~e a n g u l a r  com~ onent. - obey differen t al e ciat ion s t o o t
he c o n s i d e r e d  t o  he r i g o r us ~o u a t i o n s  for  t ’ LC r a d i a t i v e  t r a n s f e r  of en er ~ v
and of  m o m e n t u m  i n  f r e e  e e c t r o m a i ~n e t i c  f i e l d s .

3. ‘i. D. S R I N I V \ ~ and F.  WOLF

STOCHASTIC E Q U A T I O N S  FOR ( 1 - 1 5 5 1 C M .  AN D DUAN T U ~! D I STR I BTJT IO\ FUNCTl~ NS

S T A T I S T I C A l .  ‘DICIF A \TCS AND STAT I ST T C .AL
‘1FTIIODS IN THEORY , \ N I  A P P l I C A T I O N

E d i t e d  by Y:i Landman
(Plenum Puhlishin ~ Corporation , 10 T )

A stochastic process may he characteri:ed by multi -time distribution
functions of all orders , whose time -evolution has up to now been studied
m a i n l y  in t h e  con tex t  of t h e  ‘Iarkov p r o c e s s ;  i n  such  a case it is sufficient
to  determine the time-evolution of the distribution function of the lowest
order o n l y .  In  t he  p resen t  a r t i c l e  stochastic differential equation s for
the distribution function s of -i ll orders arc’ derived , with no restriction on
the nature of the random process. These equations are natura l generali zati ons
of the Kramer-Moya l differential equa tion for the first-order distribution
e i t h e r  of i n f i n i t e  order , or at mos t  of t h e  second order .

— 
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III. - “-~
‘
~ ‘ R I l S  ; - i ’ ‘ d )

I i .  CO!.L F TT an d  F .  ; n F

IS ( ‘PT I . F T E  SPVI 1.-Il, C ’~F F F i R ! N C F -  ‘.1 C1-S5T -\PY FOR ~F FF (H t.FE - \ ’ ! l I P ,
0!- f I T ; H 1 Y  DT FT (TTTON ‘-I LI 01!T F- ’d-D~?

OPT . I.i ’H [PS , (loT-

\n e i u i , ’ a l e r . c e  t h e o r e m ,  i s  f o r m  l a t e d  ~h t  m r nv ide s -n on ditions an Pr
;~h i c h  p l a n a r  s o ur c e s  of d i f f e r e n t  states of ~:a~ i a!  c h e r e n c e  w i l l  n. . y o r -

t i c a l  f : e l J s  t h a t  h o n e  i d e n t i c a l  f a r - z o n e  : nt e n s i t  i i i  ~t r :hutions . P
an e x a m p l e , a F a r t  i a l l ;  c o h e r e nt  so- .r ce  .~h , - o  l i n e a r  d i m e n s i o n s are  l a m e
compared a i t h  t h e  c o r r e l a t i o n  le n lt h of t h e  l i g h t  a c r o s s  t h e  source  is
de scr bed ~. i l l  :en;rat- a f I e l d  wh ose  f a r — : c n e  I nt o:. i t v di  st r i b i t  i o n
s l e n t  i ca l  w i t h  t h a t  of a C au s sj  an 1 u s e r  ~~~~~

5 .  .1 , T. F R I B E R G

iN TIlL F I S T i  - c : ’, OF T IfF EN i s :  I - N F L  OF N O\k41 TAT [N O  P R I N T  FY “ i F
SOURCES OF F I N I T E  F \ T F N D

. J .  o I L  SOC . A M E R .  6~ 125 1  ( 10 -S)

I t  is k no wn  t h a t  c e r t a i n  o s c i l l a t i n g  t h r e e - d i m e n s i o n a l  c h a r g e - c u r r e n t
d i s t r i b u t i o n s  do not  r a d i a t ’ . In t h i s  paper  we show t h a t  no m o n o c h r o m a t i c ,
a e l l - h e h a v e d , t ’~o - d i m e n s i o n a l  s cal~ir source d i s t r i h i t i  on t h a t  i s  l oc a l  i :ed
w i t h i n  a f i n i t e  ar ea  may he nonr adiating. We a l s o  ~e n e r al i : e  t h i s  r e s u l t
to  f l u c t u a t i n g , s t a t i o n a r y  p l a n a r  source  d i  :t r i h u t i o n s  of any  a r b i t r ar y
s t- i t -  of c o h e r e n c e .

6 . .-\ .  T. F R I B E R G

ON THE E X I S T E N C E  OF A RADIANCE FUNCTIO N FOR A P A R T T A L I X
COHERENT PLANAR SOURCE

COHERENCE Al ;:) OT AN TUN OPTICS 11
E d i t e d  by L. Mande l  and E.  l ’o l f

( P l e n u m  P u b l i s h i n g  C o r p o r a t i o n , 1978 , Paper  TF—4)

In recent  years  a cons ide rab l e  amount  of e f f o r t  has been devoted  to the
s t u d y  of r ad iome t ry  w i t h  partially coherent , statistically stationary planar
sources .  The t r a d i t i o n a l  radlo inetr ic  q u a n t i t i e s , gene ra l ly  believed to a p p l y
to  incoherent  sources , have been generalized to p e r t a i n  to  sources of any
s ta te  of coherence.  The genera l i zed  formal i sm is in the framework of second—
order coherence theory and the generalized radiometric quantities are line ar
in the cross—correlation function of the field at two points in the source
plane.
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I I I .  ~~P N \ h [ l S  ~~~~ ‘ d l

(cen t ‘d l

P i s  i c i O r t  ce in t h e  r .  re se n t  at  i on of ’ t h e  rad iomet  r i  C prop er t I
i t ’ a source i s  t h e  r a d i a n c e  funet i o n , w h i c h  i s  a f u n c t i o n  of p o s i t i o n  i’
i n  he sou rce P l i r e  and of 1 ir r ~- t  on s , i n t o  w h i c h  t h e  ~~oircc ’  r a d i  ites .
i r i d i t  i o n a f l v  to radiance has  been d e f i n e d  v i a  F e o m e t r i c a l  ar ii c ’ntS a ’~ t e

F i t ,  ,, i~ w h i c h  en r ’n. v i s  e m i t t e d  by t h e  source  per u n i t  o r o i e :t e ,l s o i r c e  i n c a
i r ’ i r i j  t h e  n a i n t  r and  pe r  u n i t  s o l i d  a n g l e  a round  t h e  d i r e c t i o n  s , t h e

p r o  R ’ ct i o n  f t h .  source area he i ri~ nb  t h e  p l a n e  ner end r c u lar to tF
d i r e c t i o n  s. R e c : i i t l y  s e v e r a l  different definitions ha’:c’ been given fo r  to ,
r :i! i r:ce f u n c t i o n  in  t e n s of t h e  c r oss - c or r c ’] at  ion  f u n c t i o n  of t h e  f i ~~T J
at t h~ son rce p l a n e .  I t  was  point ed out Dv P l a r c h a n d  and ((ol f , hoi ’.e ’, cm , t n i t
it l e a s t  ti - c c o m m o n l y  used r a d i a n c e  i l u c t  ion r i  F l n a l l \ ’ ru °oscd 1w A . h i l t h e r
c oun t he c o n s i d e r e d  i s  t rue  m e a s u r e  of e n e r gy  d i s t r i b u t i on . In mt i c u l a r ,
t h e y  showed t h a t  t h e s e  g e n e r a l  i :ed ra d i a n c e  f u n ct  ion s may o c c a s i  on : i l  l y  t a k e
on n -n.a ti\’e v a l u e s ,  I t  has  a l s o  been shown in  e a r l i e r  i n v e s t  i c ;ltio ns h’’
‘ii rc hand  and ~o I f t h a t  r’rc s ect i ye of the art i cu m r  form chosen fo r  t h e
r a d i a n c e  f un c t i o n  T u e  r a d i a n t i n t e n s i t y  i n  t h e  d i r e c t i o n  s , i~h i c h  i s  def iri c
u s t h e  r a t e  at w h r c h  e n e r gy  is e m i t t e d  Dv t h e  source per u n i t  s o l i d  ang le
ar o u n d  the d i r e c t i o n  s , is a i w a cs r e l a t e d  in a d e f i n i t e  w a y  to  the  f o u r —
f o l d e d  F o u r i e r  t r a n s f o r m  of the c r o s s - c o r r e l a t i o n  f u n c t i o n  of t h e  f i e l d  i t
t he  source p l a n e  a i t h  t h e  t r a n s f o r m  p r a !n e t ( r s  propor t i ona l  to  t h e  componen t s
of t h e  p r o j e c t  ion of s Ou t  ci t h e  source  u l a n e .

It  i s  shown in  the  Presen t  i c:’ t h a t  no r a d i a n c e  fun c t  ion , w h i c h  i s
l i n e a r  in t he  c r o s s - c o r r e l a t i o n  f u n c t i o n  of t h e  fie l , j  it t h e  source o l a n e
and w h i c h  r e s u l t s  in  the  co r rec t  r a d i  ::nt i n t e n s i  t c , can  he g iven the t r a d i t i o n a l
g e o m e tr i c a l  i n t e r p re t a t i o n  as d e s c r i b e d  above for a l l  s t a t e s  of coherence  of
t h e  source. More specificall y , it is shown that there is no radiance function
which simultaneousl y satisfies the requir ements that i t  (a)  i s  linear in the
cross-correlation function at the source  p l a n e , ID) is non-negative for a l l
possible values of its arguments , (c) yields the correct radiant intensity,
and (d )  v a n i s h e s  ‘in  t i le source p l a n e  o u t s i d e  t h e  source ar e a .

It seems worthwhile mentioning that t h e  present situation in rad i ome try
is somewhat  a n a l o g o u s  to  t h a t  e n c o u n t e r e d  a l o n g  t i m e  ago in t he  s o - c a ll e d
p hase - space  formula tion of q u a n t u m  m e c h a n i c s .  In  t h a t  r e p r e s e n t a t i o n  the
e x p e c ta t  ion v a lues  of qu a n t u m  m e c h a n i c a l  operators are calculated in  phase -
space using the methods of classical statistical mechanics. It has  been
shown that there is no non-negat i ve distribution function in phase-space that
would give the correct marg inal distribut i ons for position and momentum
(Wigner ’s theorem). The two radiance functions introduced Dv A . Walters for
rad i ometry w ith p a rtially coherent fields are in many respects analogous to
two commonly used q uan tum mechanical phase-space distribution functions:
his orig inal defin ition of radiance is analogous to the well -known Wi gner
distribution function , and his later definition of rad i ance is analogous to
another widely used quantum d i s t r i b u t i o n  function , ori ginally due to ‘1argenau
and H i l l .  Th ese phase-space distribut i on function s , like the corresponding
radiance functions , mat’ in genera l become negative and are sometimes referred

-
‘ 

to as quasi-probabilities.
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— E .  W OLF ind  ‘ !.  S. :BAY PY

P ’~: - t ’ T I t T  L N [R C Y  TRANSFER T N  SCAL-\ R i’~\V [ F I E L D S

FI)1IERF\iT [ ,\N1 c
~~i’p

T1JM OPTICS ~
H i t e d  by 1 . M i n I e l  and F .  h o l f

(P ’:ni n P i h l i s h i n g  Fort oration , l O TS)

In n o n .  :m ’ears several attempts have  been made to  n r o v i d e  a s a t i s f a c t o r y
f~ r t h~~ ‘ . eU r v  of r a d i a t iv e  ene rgy  t r a n s f e r  in o p t i c a l  f i e l d s .  The

conv ~~, t : n n .o r y , on w h i c h  n , an y  i n v e s t i g a t i o n s  in as t rop h y s i c s  and in
‘he ftc : ~ of o s p h e r i c  or o p a g a t i o n  are based , was developed qu i t e  indepen-
den ’ H of - -: 1cm theor ies  of r a d i a t i o n ; consequent l y i t s  range of validity
i s  - - an i o r ~~~~’ ad at the  presen t  t i m e .

he recent To put forward a new theory of radiative energy transfer in
free Hc’ro-oann tic f i e l d s , based on second-order  coherence theory .  This
‘he ar:, -~-h ich akes into account both correlation and polarization properties

- - - f e  Id ‘2: ffers in some respect  from the  c o n v e n t i o n a l  t h e o r y ,  hu t  i t
to in i -i certai n limiting cases. Moreover , i t  p rov ides  a p r e c i s e

lr , erTre a J O T  -of some of the basic concepts , (such as the specific intensity
r i l i - a : o - n j ,  emp loy ed i n  t he  t r a d i t i o n a l  h e u r i s t i c  model  for e n e r g y  trans-
- :~ ~~c r a t i n g  to extend  t h i s  t heo ry  to  f i e l d s  t h a t  in te rac t  w i t h

ma ’’ - - r , i ’  seen- s a d v i s a b l e  to cons ide r  f i r s t  a s ca l a r  mode l , i . e .  to  i gnore
s r e c i f : c  I ’f fec ’s a r i s i ng  from the  s ta te  of p o l a r i z a t i o n  of the  f i e l d .

In c f i r s t  part of t h i s  paper we o u t l i n e  a s imp l i f i e d  s c a l a r  analogue
theor y ‘ha t  we developed . We then  show how the  c o n c e t m s  o f  an g u l a r

c-arm n- -~~s - f ‘he average energy density and of the average fli x v e c t o r ,
are basic in our earlier work , may he introduced for any s, ’it ion-ar .

ensc’nhle o~ scilar wavefields. These quantities will he shown to be
‘ex’-’ re s s . h l e  in term s of certain second order correlation functions of the
f~ e : . Some’ p re l i m i n a r y  work r e l a t i n g  to the derivation of the anpropriat e
r r -i r i spo n ’ e n n a - i ons  for these quantities will also he discussed .

S .  M. S. ZU BA IR Y

- \ D I A T I V F  ENERGY T R A N S F E R  TN THE PRESENCE OF
RANDOM SOURCE D I S T R I B U T I O N S

COHERENCE AND QUANTU M OPTICS IV
Edi ted  by L. Mande l  and E.  W o l f

(P l emun  P u b l i s h i n g  Corporat ion , 1978)

> — i - l i - i t i v e  energy transfer is generally treated on the basis of a
p h e n o m e n o i - e~ i c a l  theory  tha t  bears no apparent r e l a t ionsh ip  to the theory
of the  e l e - t r a r n a g n e t i c  f i e l d .  In recent years , progress has been made

el u cidat e the foundations of the theory of radiative transfer. A new

~‘: ea r~ f radiative transfer in free fields has been developed recently,
which cl a rifies the relationshi p between the stochastic theory of the

1~
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III. SUMMARIES (cont’d)

8. (cont ’dj

e l ec t romagne t i c  f i e l d  and the  phen omenological  theory. The status of the
theory of radiative transfer in the presence of the random source distri-
but ion and the random inhomogeneity of the medium is , however , still far
from satisfactory.

In this paper , we investi gate tile problem of wave propagation in a
medium with random source distribution on t ’ie basis of the stochastic
scalar wave equation . The investi gation is related to some extent to that
of Keller .

We employ the definition of s p e c i f i c  i n t e n s i t y  of radiation in terms
of the second order correlation function of the field as first proposed
by Ovchinnikov and T a t a r s k i i .  On the basis of this definition we derive
exact equations of radiative transfer relating to the wave propagation in
the presence of random sources. Our results reveal the significance of
the source function that is usuall y introduced formally in the phenomenological
theory .

9. F. WOLF

THE RADIANT INTENSITY FROM PLANAR SOURC ES OF ANY STATE OF COHERENCE

J. OPT. SOC . A M ER.  68 , 1597 (1978)

A new formula is derived for the radiant intensity from any steady,
finite , primary or secondary planar source of any state of coherence. It
expresses the radiant intensity as a two-dimensional spatial Fourier transform
of a quantity that represents a correlation function of the field in t he
source plane , averaged over the area of the source. The formula may be
regarded as a natural counterpart for fields generated by partiall y coherent
sources to the well-known two-dimensional Fourier transform relation
between the field distributions in the plane of a finite coherent source
and in the far zone. Some implications of the new formula are discussed .
An alternative expression is also obtained that is applicable when the
source is a primary one and it is shown to imply that the radiant intensity
is then a boundary value on two real axes of an entire analytic function of
two complex variables.

I’,
H1

-~ 
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III. S(JM1~1ARIES (cont’d)

10. A. 1. FRIBER G

ON THE EXI STENCE OF A RA D IAN CE FUNCTI ON FOR FI N ITE PL~NAR
SOURCES OF ARBITRARY STATES OF COHERENCE

.J. OPT . SOC . A M E R .  69 , 192 (1979)

In t h i s  paper we show that one cannot associate a radiance function
w i t h  a f i n i t e  p a r t i a l l y  coherent p lana r  source of arbitrary state of
coherence that would have all the usual properties attributed to it in
elementary radiometr’.’. More specifically, we show that in general there
is no radiance function which depends linearly on the correlations existing
between any pair of points in the source p lane , gives the correct angular
distribution of radiant intensity and which , moreover , is nonnegative and
vanishes outside the source area. However , regardless of this result ,
the concept of generalized radiance appears to be a useful mathematical
tool in radiometr” with partially coherent sources.

1_ i . J.  T. FOLEY and E. WOLF

NOTE ON THE FAR F I E L D  OF A GAUSSIAN BEAM

J. OPT . SOC. AMER. 69 , 761 (1979)

It i s  shown t h a t  con t rary to some recent c la ims the far field of a
Gaussian beam does not contain contribution s from high spatial frequency
components of the source. Consequently, no evanescent waves take part
in the formation ~f  the  far  f i e l d .  Corresponding results for other types
of wave f i eld s~ are also briefly discussed.

12. F. WOLF and F. COLLETT

PARTIALLY COHERENT SOURCES WHICH PRODUCE THE SAME FAR-FIELD
INTENSITY DISTRIBUTION AS A LASER

OPT . COMMUN . 25 , 293 (1978)

it is shown that  certain p a r t i a l l y  coherent model sources whose
intens ity d istribut ion and degree of coherence are both gaus sian w i l l
generate the same far-field intensity distribution as a completely
coherent laser source.

~~~~~~~~ - , . . - 
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I I I .  SUMMARIES (cont ’d)

13. R. ROY and M . S. Z1JBAIRY

ANALYTIC SOLUTION S OF THE OPTICAL BISTABILITY EQUAT I ONS
FOR A STANDING WAVE CAVITY

SUBMITTED TO OPT . COMMUN .

The problem of optical bistability in a standing wave cavity in the
stead~’ state leads to a pair of coupled , nonlinear , ordinary differential
equations for the forward and backward waves. Only numerical solutions
have so far  been presented for these eluations. We give their exact analytic
solut i oncs and find good agreement with the numerical results. The exact
solutions are shown to reduce to the mean field equation for the input and
output fields in the double limits T -,.O and aL -~O for the mirror trans-
mission and the linear absorption coefficient , respectively .

I I . M. S. ZUBA I RY

RADIATIV E ENERGY TRAN SFER IN A RANDOMLY FLUCTUATING MEDIUM

SUBMITTED TO J. OPT . SOC . AM ER.

The basic  la ws of the phenomenological theory of radiative energy
transfer are derived , under certain conditions , wi th in the framework of
the stochastic scalar wave theory . Generalized expressions are introduced
for the “angular components” of the energy density and of the energy f l ux
vector. An equation is derived for the coherence function of the wave-
field in a randomly fluctuating medium using perturbation theory. This
approach is compared with the quantum field theoretic method based on the
Dyson equation and the Bethe-Salpeter  equation . Finally, an equation of
radiative energy transfer of the form emp loyed in the phenomenological
theory is derived for wave propagation in a statistically quasihomogeneous
medium . Our results relate the extinction and the scattering coefficients
(which are introduced heuristically in the conventional theory of radiative
enet

~
y transfer) to the stochastic characteristics of the medium .

H !
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I I I .  SUMMARIES (cont ’d)

15. B. ROY and M . S. :IJBAIRY

BEYOND THE ‘WAN F I E L D  THEORY OF D I S P E R S I V E  OPTfl:Al B I S T A B I L I T Y

SUBMITTED TO P I JYS.  REV . A

The problem of dispersive optical bistabili ty has so far been treated

on l y in the mean-field approximati on . A rigorous justification of the mean-

field theory can only be obtained from exact solutions of the steady state

Maxwe ll -Bloch equations w h i c h  r e t a i n  the s p a t i a l  dependence of the field. In

t h i s  paper , we present  exact analytic solution s to these equations. We demon-

s t r a t e  t ha t  the  mean f i e l d  equa t ion  connec t ing  the input and the output  f i e l d s

f o l l o ws r , a t u r a l i v  f rom these  s o l u t i o n s in the l i m i t s  T-~O , 
~F~

0 and aL-~O for

the mirror trans n -ission coefficient , the de tun ing  of the f i e l d  from the c a v i t y
czL

resonance and the linear absorption respectively, with and 6 F L/2cT rema in-

ing finite. No c o n s t r a i n t  is p l aced on the de tuning  of the laser  field from

the atom ic resonance frequency. We i l l u s t r a t e  our results with the help of

graphs showing the output i n t e n s i t y  vs.  the input in tens i ty  for d i f f e ren t

va lues  of the r e l e v a n t  pa ramete r s .  The e f fec t  of these parameters  on the

phase sh ift of the output field is also displayed.

lb .  S. S ING H and ‘1. S. ZUBAIRY

QUANTUM THEORY OF A TWO-MODE LASER WITH COUPLED TRANSITIONS

SUBMITTED TO PHYS . REV . A

The quantum statistical properties of the optical field of a two-mode
laser with two coup led transitior~ have been studied using a generalization
of the Scully and Lamb (1967) theory . The photon number distribution and
the mode intensity distribution are obtained in the steady state for a
system of homogeneously broadened atom s in resonance with the laser field.
It is shown that the mode coupling constant ~ is unity and that near
threshold the resu lts of earl ier trea tmen ts are recovered . Fur thermore ,
it is shown that certain limit measures for the relative intensity
fluctuations predicted by the semiclassical Fokker-Planck treatments
based on the third order theory are valid even in the limit of arbitrarily
high gain levels.

4 
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III. SIP1MARIES (cont’d)

17 . M . S. IJB\IRY

EFFECT OF COOPE RATIVE ATOMI C INTERAT IONS ON
PHOTON STATISTICS IN A S lN G I ~E -MO DF L.•\SER

TO BE PUBLISHED IN PHYS. REV.  A

The effect of cooperative atomic interactions on the photon s t a t i s t i c s
in a single-mode laser is studied on the basis of an equat i on of mot ion
for the reduced density operator of the field that was recentl y derived
by Huang and Mandel. The corresponding anti-normal ordering distribution
function is shown to satisfy a Fokker-Planck equation . The steady state
solution of this equation is used to determine the photon number distri-
but ion , the average intensity and the intensity fluctuation .

18 . E. COLLETT and F. WOLF

BL’A~S CEN ERATEI ) BY GAUSSIAN QUASI-HOM OGENEOUS SOURCES

SUBM I TTEI ) TO OPT . C OMMUN .

An explicit expression is presented for the cross-spectral density
function of the light in any cross-section perpendicular to the axis of a
beam generated by a planar , steady-state , quasi-homogeneous source , whose
intensity distribution and degree of spatial coherence are both Gaussian .
The result is used to discuss some properties of such a beam . It is found ,
in part icular , that the ratio of the transver~ (spatial) coherence length
of the light to the beam width is the same for every cross-section perpen-
dicular to the beam axis.

19. A. T. FRIBERG

EFFECT S OF COHERENCE I N RADIOMETRY

APPLICATIONS OF OPTICAL COHE RENCE
PROC . SOC. PHOTO. OPT. INSTR. ENGS., 194, (1979) (In Press)

R ad iometry evolved over a long period of t ime around rather incoherent sources of thermal
nature. Only during t~he last few years the effects of coherence have been begun to be taken
Into account in radiome tric cor~sider ati ons of light sources. In  this rev~ew article the
fundamental concepts o~ conve nt i onal radiometry and of the theory of p art ial coherence wil l
be first br i efly rec a lled. The bas ic rudiometric quantit ies , name ly the radiance , the
radiant emittance arid the radiant intens ity, associated with a planar source of any state
of coherence wil l then be introduced . It will be pointed out that the radiant intensity ,
represen ting the primary measurable quantity, Obeys in all circum stances the usual postu-
la tes of conventional radiom etry , whereas the rad ia nce and the rad iant emittarice turn out
to be much more elus ive concepts. The radiom etr ic character is tics of light from incoherent
and coheren t sources as well as f rom a certain type of a part ~ ai ly coherent source, viz.
the so—called quasihomogeneous source , w i l l  be analyzed. Quasihomo geneoug sources are
useful models for radi a ti on sources that are usuall y found in natur e . L.ambertian sources

_ _ _  

_ _ _

Iw i l l  be discu ssed as examples.
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IV . ADVANCED DEG REE EARNED BY A GRADUATE RESEARCH ASSISTANT WHILE EMPLOYED

ON THIS PROJECT

M. S. ZUBAIRY , PH.D. degree , Universi ty of Rochester (1978)

Ti tle of Thesis: “A Study in the Foundation of the Theory of Radiative
Energy Transfer. ”
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